Objective: To describe the development of a European computerized 24-h dietary recall method for adolescents, and to investigate the feasibility of self-administration (self report) by comparison with administration by a dietician (interview). Methods: Two hundred and thirty-six adolescents (mean age 14.6 years (s.d. ¼ 1.7)) of eight European cities completed the 24-h recall (Young Adolescents Nutrition Assessment on Computer (YANA-C)) twice (once by self-report and once by interview). Results: A small but significant underestimate in energy (61 (s.e. ¼ 31) kcal) and fat (4.2 (s.e. ¼ 1.7) g) intake was found in the self-reports in comparison with the interviews; no significant differences were found for the intake of carbohydrates, proteins, fibre, calcium, iron and ascorbic acid. Spearman's correlations were highly significant for all nutrients and energy ranging between 0.86 and 0.91. Agreement in categorizing the respondents as consumers and non-consumers for the 29 food groups was high (kappa statistics X0.73). Percentage omissions were on average 3.7%; percentage intrusions: 2.0%. Spearman's correlations between both modes were high for all food groups, for the total sample (X0.76) as well as for the consumers only (X0.72). Analysing the consumer only, on an average 54% of the consumed amounts were exactly the same; nevertheless, only for one group 'rice and pasta' a significant difference in consumption was found. Conclusion: Adaptation, translation and standardization of YANA-C make it possible to assess the dietary intake of adolescents in a broad international context. In general, good agreement between the administration modes was found, the latter offering significant potential for large-scale surveys where the amount of resources to gather data is limited.
Introduction
Many European countries have carried out national or regional dietary surveys in adolescents, which provide valuable information; [1] [2] [3] [4] however, differences in methodology, population groups and age categories make it difficult to use these data for a detailed evaluation of dietary intake in Europe. 1, 2, 5 An agreed and validated methodology for assessing food and nutrient intakes across Europe will be of great value; 6 therefore, one of the main aims of the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) Study was to develop and harmonize an innovative method for assessing food and nutrient intake in adolescents across Europe. The main dietary assessment tools for collecting dietary data at an individual level are food records, 24-h dietary recalls and food frequency questionnaires. The EFCOSUM project considered 24-h recalls as the best method to get population mean intakes and distributions for participants aged 10 years and over in different European countries: 24-h recalls are suitable in varying cultural settings (due to the open-ended and therefore not culturally based format), they have a relatively low respondent and interviewer burden and are cost-effective. 7 Moreover, designing an instrument to evaluate adolescents' eating habits also needs to address the unique concerns of the adolescent population: 8 adolescents are less interested in participating in dietary studies than younger children. In addition, their great food requirements, unstructured eating patterns and increased degree of out-ofhome eating may cause forgetfulness, irritation and boredom, resulting in non-compliance when intakes have to be recorded on an almost hour-to-hour basis. 9 The increased availability of computers in schools and at home, as well as the efficiency and economy (that is, complex branching, standardization, no out-of-range data, substantive savings in administrative and data processing costs) and the acceptability in the spirit of respondent preference of computer-assisted questioning, has made it technically, financially and practically feasible and attractive to use computer-administered questioning in large-scale dietary surveys.
To our knowledge, only three computer-based tools have been developed to collect self-administered 24-h dietary recall data in children and adolescents. The Food Intake Recording Software System (FIRSST) 10 was designed in the US to assist fourth-grade schoolchildren in reporting their diet. Moore et al. 11 developed a tool to measure fruit and snack consumption for Welsh 9-to 11-year-olds, and the Young Adolescents' Nutrition Assessment on Computer (YANA-C) 12 was developed to collect dietary data in Belgian Dutchspeaking adolescents. These tools are, however, designed for specific population groups, whereas in the frame of the HELENA Study, a multilingual software package suitable for culturally diverse adolescent populations is necessary. For this purpose, the Belgian-Flemish YANA-C 12 tool was revised and enhanced.
In this paper, the international YANA-C tool will be described and the feasibility of self-administration will be investigated in adolescents from 8 European cities by comparison of self-administered YANA-C data with interviewer-administered YANA-C data.
Methods

Instrument
Young Adolescents' Nutrition Assessment on Computer 12 consists of a single 24-h recall guiding users through six 'meal occasions' (breakfast -morning snacks -lunchafternoon snacks -evening meal -evening snacks), embedded within questions that help the respondents to remember what they ate (When did you have a meal? With whom did you eat?).
For each meal occasion, adolescents are invited to select all food items eaten at that occasion from a standardized menu structure that opens as a pop-up screen (Figure 1 ). For each selected item, one or more extra screens are provided to gather quantitatively detailed information on portions and portion sizes (Figure 2 ). More than 2600 pictures of more than 300 food items (multiple portion sizes per food item) are included to enhance the estimation of the consumed amounts. Several measurement units (for example, spoon, can, glass, gram and so on) are used and, if suitable, more than one measurement unit is present for the same food item.
When appropriate, a text box appears on the screen probing for food items often eaten in combination with other items (for example, chips, 'Don't forget mayonnaise/ ketchup etc!'). The respondent can add items not listed in the program by clicking the last group labelled 'item not found'. Respondents selecting this option are provided with a screen asking for a description of the food item, the unit (for example, gram, piece and so on) and the amount consumed. Moreover, a search engine helps to locate a food in the menu structure in case the participant cannot find an item.
A warning is given when extreme amounts are entered; zero values are not accepted.
After completing each meal occasion, the program checks for beverages, for milk when cornflakes are consumed and for butter or margarine when bread is consumed. At the end of the 24-h recall, the program checks the entries for occurence of fruit, vegetables and sweets. If one of these items has not been entered, the adolescent is asked whether it really was not consumed. The interview ends with an overview of all food entries on the different meal occasions (Figure 3 ), asking the adolescents to review and confirm their intake. If necessary, they can go back to each food item and meal occasion to make corrections. After entering a password, which is done by a staff member, the energy intake is shown (as a check for the staff member) and the data are stored in a txt file.
The main modification of the original YANA-C version to be useful in an international context was the open translation engine, which currently allows for 10 countries/ languages to participate. An easy-to-handle and easily maintainable definition system was developed using standard XLS-files for definition of the different screens, menu structure and food items.
The original (Dutch) text of the main screens and the menu structure, including more than 800 food items hierarchically organized into 25 food groups, were translated into an English version and distributed to all collaborating centres.
A protocol was created to make the XLS-files adaptable and maintainable to the local language and food culture by local Young adolescents' nutrition assessment in Europe CA Vereecken et al non-technical users. A second protocol was developed to make locally culture-specific food pictures. Each partner contributed to the upgrade of the tool to a European level by making inventories of country-specific food lists and by providing pictures of typical local and traditional dishes and series of portion sizes. A central pool of these pictures was made accessible for all participating centres.
Finally, the final country-specific menu structures were translated back into English.
A pilot test was done in one class in all participating centres. 13 Microsoft Visual Basic6.0 was used to develop the program, which implies that the current version is a desktop version.
Participants and procedure
Two hundred and thirty-six pupils of eight cities (Athens, Dortmund, Ghent, Lille, Rome, Stockholm, Vienna and Zaragoza) with a mean age of 14.6 years (s.d. ¼ 1.7) participated in the study; of these 49% were boys ( Table 1) .
The pupils completed YANA-C twice: first selfadministered (that is, self-report) according to the standard protocol as described for the HELENA Cross-Sectioned Study, followed by an administration by a dietician (that is, interview).
The self-administration took place in a computer classroom. A staff member gave a short introduction, explained the structure of the program and filled in a fictitious breakfast illustrating the different features of the program. Thereafter, the pupils completed the program autonomously, although two or three staff members (dieticians) were present to give assistance as required. At the end, the researchers checked the overview screen for extreme values; in Ghent also, the energy intake was checked, whereas in the other countries energy values were not yet available in the YANA-C database.
Later on the same day, the interview took place in a private room, with the dietician behind the computer and the student only seeing the screen when a picture had to be selected. The structure of the program was followed but the dietician was allowed to ask extra questions or give extra explanations to select the correct food items and amounts (for example, which brand; when no meat was consumed at dinner, whether this was forgotten; explain what is mini, regular, king size). At the overview screen (Figure 3 ), every food entry was repeated by meal occasion; for empty meal For all countries, except Germany, composite dishes were disaggregated into their food components. Food items were categorized into 29 food groups based on the European Food Groups classification system. 22 Wilcoxon signed-rank tests, Spearman's correlations and the Bland and Altman 23 method were used (mean, s.e. and s.d. of the difference between self-report and interview are presented) to compare the total energy and nutrient estimates of both administration modes.
To further identify sources of error, the matched records of the food groups were categorized as (1) agreements of nonconsumers (food group items not reported in either administration method), (2) agreements of consumers (food groups with identical amounts consumed according to both administration methods), (3) agreements on consumption but with differences in amounts consumed, (4) omissions (food group items reported only in the interview) and (5) Spearman's correlations and Wilcoxon signed-rank tests were conducted to compare the intake of the food groups according to both administration methods. Young
Results
Mean energy and nutrient intake for the total sample are presented in Table 2 . The Bland and Altman and the Wilcoxon signed-rank tests revealed significant underestimates in energy (61 (s.e. ¼ 31) kcal) and fat (4.2 (s.e. ¼ 1.7) g) intake, in the self-report, in comparison with the interview; no significant differences were found for the intake of carbohydrates, proteins, fibre, calcium, iron and ascorbic acid.
Spearman's correlation coefficients were highly significant for all nutrients ranging between 0.86 and 0.91. Analyses of energy intake by centre showed a significant underestimation for the self-reports in Ghent only (Table 3) .
Comparison of the food group intake showed a good agreement of consumption versus non-consumption with kappa statistics of 0.73 or higher (Table 4) . Percentage omissions were on average 3.7%: items most often omitted were 'sauces', 'sugar, jam and syrup', 'chocolate' and 'fat'. Intrusions (items in self-report but not interview) were less common: on average 2.0%, over the different food groups; the highest percentage of intrusions was found for confectionery.
For those who consumed items of a food group according to both methods (consumers), on average 54% had the same intake in both methods. Analyses (Wilcoxon signed-rank tests) restricted to these consumers only showed a significant overestimation of 22 (s.e. ¼ 6) g for 'pasta and rice'; no significant difference was found for the remaining food groups (Table 5) . Figure 3 Illustration of the overview screen.
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Correlation coefficients between both methods were high for all items, for the total sample (X0.76) as well as for the consumers-only (X0.68).
Discussion
Young Adolescents' Nutrition Assessment on Computer was developed as a self-administered computer tool that could be completed by the adolescents themselves with only minimal professional assistance. Self-administered computer tools have many advantages: standardization of the questions and questioning sequence, fast and easy data processing, immediate results, increased flexibility, as well as increased privacy and confidentiality. 25, 26 A major limitation of selfassessment dietary instruments is, however, a potential lack of sufficient food knowledge of the respondents to quantify and categorize the food items in the most accurate way. Hence, in this paper, we compare self-administered YANA-C data, where the adolescents did the classification and quantification of the food items by themselves, with interviewer-administered YANA-C data, in which the classifications and quantifications were done by the dieticians. In general, both administration modes agreed very well: Spearman's correlations were high for all nutrients; only for fat and energy intake a significant underestimate was found in the self-reports, most likely reflecting the considerable amount of omissions for sauces, fat, chocolate and cheese (45%). Nevertheless, the limits of agreement (mean difference þ /À2 s.d.) of the Bland and Altman analyses indicate that, on an individual level, considerable difference between both administration modes is possible. Analyses on energy intake by centre resulted in significant differences only for the Ghent sample. The country sample sizes are, however, too small for final conclusions on the existence of differences between the cohorts. In addition, in a previous study in which the original Flemish YANA-C version was compared with a traditional dietary interview, no significant differences in nutrient and energy intake were found. 12 Nevertheless, what is valid for one population is not necessarily valid for another population: large differences exist between countries in computer use among adolescents; moreover, food cultures differ and local adaptations to the menu structure were necessary.
Finally, it must be said that the average energy intake was quite low for some centres. This, however, was found for both administration modes.
Kappa statistics between consumers and non-consumers of the different food groups showed a substantial to almost perfect agreement.
A comparison of intrusion and omission rates shows a higher percentage for the latter, which has also been reported by others. 10, [27] [28] [29] [30] [31] Intrusions (items reported in self-report but not in interview) might occur from game exploration behaviour or when food, to which a negative health connotation is attached, would be reported less frequently in the interview context. However, the intrusion rate was very low, and so we have no reason to believe either that game exploration increased the reports in the self-reports or that social stigmas influenced the administration modes differently.
Items that were most often omitted were the type of food items that can be characterized as being easy to forget: mainly accompaniments of other foods and sweets ('sauces', Young adolescents' nutrition assessment in Europe CA Vereecken et al 'fat', 'sugar, jam and syrup' and 'chocolate'). In addition, in other studies, 'added foods' and sweets have been often omitted or least accurately recalled. 27, [31] [32] [33] The crosschecks and prompts at the end of the meal/day and the prompts given in relation to accompaniments in the program (for example, when meat is added: 'don't forget the saucey') seem to be slightly less accurate than when prompting is done by a dietician. Nevertheless, in comparison with the results reported by Baranowski et al. 10 and
Moore et al., 11 intrusion and omission rates were low, although the results are difficult to compare as other methodologies were used; in addition, their study populations were younger.
Comparison of consumed amounts of the consumers only resulted in a significant difference: an overestimation for the 'rice and pasta' group in the self-reports. However, by comparing 29 food groups, we could have expected that by chance alone at least one item would have differed significantly.
A limitation of the study is that analyses were done on a food group level (for example, fruit) and not on a food item level (for example, apple), and so if the same amount of another food item from the same food group were to be reported in the interview, this would not result in a mismatch in the current analyses. Nevertheless, food consumption is usually reported on a food group level or nutrient level, and differences in food items would most likely be reflected in differences in nutrient intake.
Another limitation of the study is the comparison of the self-report recall with another self-report recall mode: both most likely share systematic variances relating to the participant's cognitive recall abilities, social desirability biases and motivations to comply. In addition, both administration modes used the same instrument, and as the interview was carried out shortly after self-administration (30 min-4 h), some pupils even remembered exactly what they had answered. Moreover, although an interview is often used as a 'gold standard', there might be inaccuracies on the part of the interview as well. Therefore, further research against a stronger validation standard in the different countries is needed. Matches: food group reported in both methods or food group reported in neither method. Self-report ¼ interview: the same amount reported in interview and selfreport. Self-reportainterview: different amount in interview and self-report. Omissions: food group reported in interview, but not in self-report. Intrusions: food group reported in self-report, but not in interview.
Conclusion
Adaptation, translation and standardization of YANA-C make it possible to assess the dietary intake of adolescents in a broad international context. In addition, our results indicate in general a good agreement between the selfreports and the interviews. The latter offers significant potential for large-scale surveys where the amount of time and resources to gather data is limited. Nevertheless, a more thorough validation in each participating country against a stronger standard is advocated. 
